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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin-film solar cell wherein 
the adhesion of the thin-film layers of first and third electrode layers is 
so improved that no peeling takes place after a long term use, 
resulting in improved reliability. 

SOLUTION: A thin-film solar cell is provided wherein a first electrode 



m^r- — M 

layer (a second electrode layer) are sequentially laminated as a lower ' ■ • \Pr 



layer, a photoelectric conversion layer, and a transparent electrode 



electrode layer on the surface of a non-conductive substrate. Or a L^-4;_ . \ - 3 

thin-film solar cell of an SCAF structure is provided which further h^-T — M^S*r«n 

comprises third and fourth electrode layers as a connection electrode 
layer which are formed on the rear surface of the substrate. Here, 
there are provided an Ag thin-film layer L where the first electrode 
layer or the first and third electrode layers are provided on a substrate ■ 
71 side, and a transparent conductive metal oxide film layer N where 

they are provided on the side opposite to it. Further, between the Ag thin-film layer L and the transparent 
conductive metal oxide film layer N, an Ag alloy layer M comprising another metal instead of Ag is provided. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the thin film solar cell which comes to carry out the laminating of the 1st electrode layer as a bottom 
electrode layer, a photo-electric-conversion layer, and the transparent electrode layer (the 2nd electrode layer) to the 
front face of the substrate which has electric insulation one by one said 1st electrode layer The thin film solar cell 
characterized by coming to prepare Ag alloy layer which comes to have Ag thin film layer prepared in said substrate 
side, and the transparent conductive metal oxide-film layer prepared in the anti -substrate side, and contains other metals 
in Ag between said Ag thin film layer and a transparent conductive metal oxide-film layer. 

[Claim 2] The photo-electric-conversion section which comes to carry out the laminating of the 1st electrode layer as a 
bottom electrode layer, a photo-electric-conversion layer, and the transparent electrode layer (the 2nd electrode layer) 
to the front face of the substrate which has electric insulation one by one, It has the 3rd electrode layer and the 4th 
electrode layer as a connection electrode layer which were formed in the rear face of said substrate. The connection 
hole and current collection hole which shifted the location mutually, came to carry out patterning of said photo-electric- 
conversion section and the connection electrode layer to a unit part, and formed them in said photo-electric-conversion 
stratification field are minded. In the thin film solar cell which patterning is carried out, and comes to connect a ****** 
unit photo-electric-conversion part (unit cell) with a serial electrically said 1st electrode layer and the 3rd electrode 
layer [ each other on said front face ] The thin film solar cell characterized by coming to prepare Ag alloy layer which 
comes to have Ag thin film layer prepared in said substrate side, and the transparent conductive metal oxide-film layer 
prepared in the anti-substrate side, and contains other metals in Ag between said Ag thin film layer and a transparent 
conductive metal oxide-film layer. 

[Claim 3] Other metals contained in said Ag alloy layer in a thin film solar cell according to claim 1 or 2 are thin film 
solar cells characterized by carrying out to at least one of ^hinunum.Xr^^dTi. 

[Claim 4] Setting to a thin film solar cell according to claim 1 or 2, the metallic oxide of said transparent conductive 
metal oxide-film layer is ZnO, ITO, and Sn02. Thin film solar cell characterized by considering as inner either. 
[Claim 5] The thin film solar cell characterized by replacing with the two-layer configuration of Ag alloy layer which 
contains other metals in a thin film solar cell according to claim 1 to 4 in Ag thin film layer and Ag which were 
prepared in said substrate side, making a substrate side into zero and making the content of other metals to Ag into 1 
lamination which it comes to increase gradually towards said transparent conductive metal oxide-film layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the structure of a thin film solar cell, especially its metal-electrode 

layer. 

[0002] 

[Description of the Prior Art] Researches and developments of clean energy are furthered from the position of current 
and environmental protection. Especially, the solar battery attracts that the resource (sunlight) is infinite and attention 
since it is pollution-free. 

[0003] The example of representation of the solar battery (photo-electric-conversion equipment) with which it comes to 
carry out series connection of two or more solar battery elements formed on the same substrate is a thin film solar cell. 
[0004] It is thought that it becomes in use [ a future solar battery ] with a thin shape since a light weight, the low price 
of a manufacturing cost, and large-area-izing are easy for a thin film solar cell, and need is spreading also in the 
business use and the object for general residences which are used by attaching for a roof, an aperture, etc. of a building 
in addition to the object for electric power supplies. 

[0005] As for the conventional thin film solar cell, what uses the glass substrate was common. In recent years, in 
lightweight-izing, workability, and mass-production nature, researches and developments of the flexible type solar 
battery using plastic film are furthered and put in practical use. Furthermore, the thing using the film substrate which 
carried out pre-insulation to the flexible metallic material is also developed. Taking advantage of this flexible nature, 
mass production method became possible by the manufacture approach of a roll two roll method or a stepping roll 
method. 

[0006] Two or more formation of the optoelectric transducer (or eel) to which it comes to carry out the laminating of 
the photo-electric-conversion layer and the 2nd electrode (henceforth a transparent electrode) with which the above- 
mentioned thin film solar cell consists of the 1st electrode (henceforth a bottom electrode) and a thin film 
semiconductor layer on an electric insulation film substrate is carried out. An electrical potential difference required for 
the 1st electrode of the first optoelectric transducer and the 2nd electrode of the last optoelectric transducer can be 
made to output by repeating connecting electrically the 2nd electrode of the optoelectric transducer which adjoins the 
1st electrode of a certain optoelectric transducer. For example, in order to alternating-current-ize with an inverter and to 
obtain alternating current 100V as a source of commercial power, as for the output voltage of a thin film solar cell, 
more than 100V is desirable, and series connection of several ten or more components is carried out in fact. 
[0007] Such an optoelectric transducer and its series connection are formed by membrane formation of an electrode 
layer and a photo-electric-conversion layer, patterning of each class, and those combination procedures. As the 
configuration of the above-mentioned solar battery, and an example of the manufacture approach, the so-called SCAF 
(Series Connection through Apertures on Film) type of thin film solar cell is proposed by the applicant for this patent, 
for example, it is indicated at JP, 10-233 5 17, A or Japanese Patent Application No. No. 19306[ 11 to]. 
[0008] Drawing 5 shows an example of the thin film solar cell indicated by above-mentioned JP, 10-233 5 17, A, it is a 
sectional view in alignment with the line [ in / (a) and / in (b) / (a) ] ABCD, and BQC, and (c) shows EE sectional view 
in (a). [ a top view ] 

[0009] On the film substrate of the long picture which consists of flexible resin by electric insulation, one by one, the 
laminating of the 1st electrode layer, a photo-electric-conversion layer, and the 2nd electrode layer is carried out, the 
laminating of the 3rd electrode layer and the 4th electrode layer is carried out to the opposite side (rear face) of a film 
substrate, and the rear-face electrode is formed. A photo-electric-conversion layer is the pin junction of an amorphous 
silicon. As a charge of film substrate material, the film of polyimide, for example, a film with a thickness of 50 
micrometers, is used. 
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[0010] As the quality of the material of a film, the film of polyethylenenaphthalate (PEN), a polyether ape phon (PES), 
poiyethylene terephthalate (PET), or an aramid system etc. can be used for others. 
[00 1 1 ] Next, it explains below per outline of a production process. 

[0012] First, punch is used for a film substrate, the connection hole hi is opened, silver is formed in thickness of 
lOOnm by the spatter as the 1st electrode layer at one side (it considers as a side front) of a substrate, and, similarly a 
silver electrode is formed as the 3rd electrode layer in a field (it considers as a background) opposite to this. The 1st 
electrode layer and the 3rd electrode layer lap and flow with the wall of the connection hole hi . 
[0013] As an electrode layer, in addition to silver (Ag), metals, such as aluminum, Cu, and Ti, may be formed by the 
spatter or electron beam evaporation, and it is good also considering a metal oxide film and metaled multilayers as an 
electrode layer. After membrane formation, laser beam machining of the 1st electrode layer is carried out to a 
predetermined configuration, and patterning of the bottom electrodes 11-16 is carried out on a side front. The contiguity 
section of the bottom electrodes 11-16 forms two separation lines g2 for separation of one separation line g2 with the 
between [ the optoelectric transducers of the series connection of two trains ], and periphery current carrying part f, and 
the bottom electrodes 11-16 are surrounded by the separation line. After opening the current collection hole h2 using 
punch again, an a-Si layer is formed by plasma CVD as a photo-electric-conversion layer p on a side front. It considers 
as membrane formation of width of faceW2 using a mask, and the same separation line as the 1st electrode layer is 
formed only between 2 train components by laser beam machining. In addition, said width of face W2 may straddle the 
connection hole hi. 

[0014] Furthermore, a transparent electrode layer (ITO layer) is formed on a side front as the 2nd electrode layer. 
However, hang a mask on the both-sides edge of a substrate parallel to this between two element arrays, it is made not 
to form membranes to the connection hole hi, and membranes are formed only in the component section. As a 
transparent electrode layer, oxide conductive layers, such as Sn02 and ZnO, can be used in addition to ITO (indium tin 
oxide). 

[0015] Subsequently, the layer which consists of low resistance electric conduction film, such as a metal membrane, as 
the 4th electrode layer all over a rear face is formed. By membrane formation of the 4th electrode, the 2nd electrode 
and the 4th electrode lap and flow in the wall of the current collection hole h2. On a side front, the separation line of the 
same pattern as a bottom electrode is put in by laser beam machining. Form the 2nd electrode ul-u6 according to 
individual, and laser beam machining of the 3rd electrode and the 4th electrode is carried out to coincidence on a 
background. The connection electrodes el2-e56 and the power ejection electrodes ol and o2 are turned an individual 
exception, and in the periphery section of a substrate, the separation line g2 is formed so that it may lap with the 
separation line g3 on a side front, and one separation line is formed in contiguity inter-electrode. 
[0016] There is a separation line g3 in the periphery which encloses all thin film solar cell components collectively, and 
the boundary where the series connection solar battery element of two trains adjoins (inside of the periphery current 
carrying part f). Every layer cannot be found into the separation line g3. There is a separation line g2 in the periphery 
which encloses all electrodes collectively, and the boundary where the series connection electrode of two trains adjoins 
on a background (inside of the periphery current carrying part f). Every layer cannot be found into the separation line 
g2. 

[0017] In this way, they are electrode ul, a photo-electric-conversion layer, and the bottom electrode 11 on power 
ejection electrode ol -current collection hole h2- - The connection hole hi -connection electrode el 2- top electrode u2, 
a photo-electric-conversion layer, bottom electrode 12-connection electrode e23 The series connection of the 
optoelectric transducer of the order of the electrode 16-connection hole hl-power drawing electrode o2 is completed - 
top electrode u6, a photo-electric-conversion layer, and the bottom. 

[0018] In addition, since the 3rd electrode layer and the 4th electrode layer are the same potentials electrically, they 
also have for convenience the thing of explanation to treat as an one-layer connection electrode layer in all in the 
following explanation. 

[0019] For easy-izing of an understanding of structure, drawing 6 simplifies the configuration of a thin film solar cell, 
and shows it with a perspective view. In drawing 6 , it separates into two or more unit units completely, respectively, 
and the connection electrode layer 63 formed in the rear face of the unit optoelectric transducer 62 formed in the front 
face of a substrate 61 and a substrate 61 shifts each separation location, and is formed. For this reason, the current 
generated in the photo-electric-conversion layer 65 which is the amorphous semiconductor part of a component 62 It is 
first brought together in the transparent electrode layer 66, and leads to the connection electrode layer 63 on the back 
through the current collection hole 67 (h2) formed in this transparent electrode layer field next. The bottom electrode 
layer 64 furthermore prolonged through the connection hole 68 (hi) for series connection formed in the outside of the 
transparent electrode layer field of a component in this connection electrode layer field on the outside of the transparent 
electrode layer field of the above-mentioned component and an adjacent component is reached, and series connection 
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of both components is performed. 

[0020] The production process which the above-mentioned thin film solar cell simplified is shown in (g) from drawing 
7 (a). After forming the connection hole 78 in this by using plastic film 71 as a substrate (process (a)) (process (b)) and 
forming the 1st electrode layer (bottom electrode) 74 and the 3rd electrode layer (some connection electrodes) 73 in 
both sides of a substrate (process (c)), the current collection hole 77 is formed in the connection hole 78 and 
predetermined distance detached building ****** (process (d)). Although there is a process which carries out laser 
beam machining of the 1st electrode layer (bottom electrode) 74 to a predetermined configuration, and carries out 
patterning of the bottom electrode between processes (c) (d), drawing of this process is omitted here. 
[0021] Next, on the 1st electrode layer 74, while carrying out sequential formation of the transparent electrode layer 76 
which is the semi-conductor layer 75 and the 2nd electrode layer used as a photo-electric-conversion layer (a process 
(e) and process (f)), the 4th electrode layer (connection electrode layer) 79 is formed on the 3rd electrode layer 73 
(process (g)). Then, series connection structure as carried out separation processing of the thin film of the both sides of 
a substrate 71 and shown in drawing 6 is formed using a laser beam. 

[0022] in addition — although it sets to drawing 7 and each layer is illustrated for connection with the transparent 
electrode layer 76 and the 4th electrode layer 79 in the current collection hole h2 by two-layer in piles — said drawing 2 
-- setting - electric ~ much more — ** - it treats by carrying out and is illustrating by one layer. 
[0023] By the way, as mentioned above, said 1st electrode layer may use metals, such as aluminum, Cu, and Ti, in 
addition to silver (Ag), or may use a transparent conductive metal oxide film and metaled multilayers further. The 
reason using these multilayers has little decline in the reflection factor according [ the direction which formed the 
photo-electric-conversion layer through the transparent conductive metal oxide-film layer on the silver (Ag) 1st 
electrode layer compared with the case where a photo-electric-conversion layer is formed directly ] to the counter 
diffusion of the 1st electrode layer and a photo-electric-conversion layer, and is because a reflection factor improves 
and the property of a solar battery improves. 

[0024] As an example of the solar battery using the above-mentioned transparent conductive metal oxide film and 
metaled multilayers, the example of the solar battery indicated by JP,2000-58892,A is shown in drawing 8 . The solar 
battery shown in drawing 8 is the example by which the thin film solar cell was formed in one side of a substrate, and 
in order to aim at an improvement of the photoelectric transfer characteristic by the optical confinement effectiveness, 
it shows the example in the case of using the front transparent electrode and rear-face electrode which have the surface 
irregularity structure which may produce scattered reflection. 

[0025] drawing 8 ~ setting - 1 - substrates, such as glass, and 2 - a transparent conductive oxide film and 3 - a 
tandem-type metal electrode and 4 - exposure light and 10 - a rear-face electrode and 1 1 - a crystalline substance 
silicon system photo-electric-conversion unit and 101 - in metal membranes, such as Ti, and 102, 1 conductivity -type 
layer and 1 12 show a crystalline substance silicon system photo-electric-conversion layer, and, as for metal 
membranes, such as Ag, and 103, 1 13 shows a reverse conductivity-type layer, as for transparent conductive oxide 
films, such as ZnO, and 111. 

[0026] In the thin film solar cell of drawing 8 , the compound layer containing the light reflex nature metal membrane 
102 and the transparent conductive oxide film 103 is used as a rear-face electrode 10 arranged on a substrate 1. The 
light reflex nature metal membrane 102 is formed of approaches, such as vacuum deposition or a spatter, with the alloy 
containing one or it which was chosen from Ag, Au, aluminum, Cu, and Pt. For example, the high Ag layer 102 of light 
reflex nature is formed with a vacuum deposition method on a glass substrate 1 in the bottom with a substrate 
temperature of 200-300 degrees C. Moreover, the adhesion between a glass substrate 1 and the Ag layer 102 is raised 
by inserting the Ti layer 101 which has the thickness within the limits of 20-50nm between a glass substrate 1 and the 
Ag layer 102. In addition, such a Ti layer 101 is also formed by vacuum evaporationo or the spatter. A zinc oxide is 
used as a transparent conductive oxide film 103. 

[0027] In addition, in the thin film solar cell of said SCAF structure of drawing 5 -7, the above-mentioned transparent 
conductive metal oxide film and metaled multilayers may be used also for the 3rd electrode layer in addition to the 1st 
electrode layer. The reason is based on a manufacture process and based on the reason as following. Since membranes 
are formed by coincidence, the same lamination of the 1st electrode layer and the 3rd electrode layer is more 
convenient so that clearly [ one ] from the process (c) of said drawing 7 . Moreover, as another reason, in the case of 
laser patterning of the connection electrode layer containing the 3rd electrode layer, when the 3rd electrode layer is Ag 
layer independent, absorbing [ of a laser beam ] may become inadequate and the workability of patterning may not be 
good. For the reason for the above, a transparent conductive metal oxide film and metaled multilayers are used also in 
the 3rd electrode layer. 
[0028] 

[Problem(s) to be Solved by the Invention] By the way, in the thin film solar cell which used the multilayers of a 
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transparent conductive metal oxide film and a metal -electrode thin film, the following problems were as mentioned 
above in a thin film solar cell which was indicated by above-mentioned JP,2000-58892,A, i.e., the 1st electrode layer, 
(rear-face electrode in drawing 8 ). 

[0029] In the conventional thin film solar cell which used multilayers for said 1st electrode layer, when it was used 
under an environment whenever [ high-humidity/temperature ] for a long period of time, exfoliation was produced in 
the interface (for example, interface of Ag layer and a zinc-oxide layer) of a metal-electrode thin film and a transparent 
conductive metal oxide film, and there was a problem to which the property of a solar battery falls. Furthermore, when 
the multilayers of an alloy (for example, Ag alloy containing aluminum) and a transparent conductive metal oxide film 
were used, exfoliation arose in the interface of a substrate and Ag alloy, and there was a problem to which a property 
falls similarly by long-term use. 

[0030] Said problem is a problem which exists similarly also in the 1st electrode layer and the 3rd electrode layer in a 
thin film solar cell of said SCAF structure. 

[003 1] Offering the thin film solar cell which was made in order to cancel the above troubles, and whose technical 
problem of this invention improved the adhesion force of each thin film layer in the 1st electrode layer or the 3rd 
electrode layer, and exfoliation did not arise by long-term use, and improved dependability has this invention. 
[0032] 

[Means for Solving the Problem] In the thin film solar cell which comes to carry out the laminating of the 1st electrode 
layer as a bottom electrode layer, a photo-electric-conversion layer, and the transparent electrode layer (the 2nd 
electrode layer) to the front face of the substrate which has electric insulation one by one according to invention of 
claim 1 in order to solve the above-mentioned technical problem Said 1st electrode layer shall come to prepare Ag 
alloy layer which comes to have Ag thin film layer prepared in said substrate side, and the transparent conductive metal 
oxide-film layer prepared in the anti-substrate side, and contains other metals in Ag between said Ag thin film layer and 
a transparent conductive metal oxide-film layer. 

[0033] Although invention of said claim 1 is invention about the solar battery of the type which forms a thin film in one 
side of a substrate, its invention of claim 2 which applied the same configuration also in the thin film solar cell of 
SCAF structure is desirable. Namely, the photo-electric-conversion section which comes to carry out the laminating of 
the 1st electrode layer as a bottom electrode layer, a photo-electric-conversion layer, and the transparent electrode layer 
(the 2nd electrode layer) to the front face of the substrate which has electric insulation one by one, It has the 3rd 
electrode layer and the 4th electrode layer as a connection electrode layer which were formed in the rear face of said 
substrate. The connection hole and current collection hole which shifted the location mutually, came to carry out 
patterning of said photo-electric-conversion section and the connection electrode layer to a unit part, and formed them 
in said photo-electric-conversion stratification field are minded. In the thin film solar cell which patterning is carried 
out, and comes to connect a ****** unit photo-electric-conversion part (unit cell) with a serial electrically said 1st 
electrode layer and the 3rd electrode layer [ each other on said front face ] It shall come to prepare Ag alloy layer which 
comes to have Ag thin film layer prepared in said substrate side, and the transparent conductive metal oxide-film layer 
prepared in the anti -substrate side, and contains other metals in Ag between said Ag thin film layer and a transparent 
conductive metal oxide-film layer. 

[0034] According to invention of said claim 1, or invention of claim 2, it is lost that the adhesion force of each thin film 
layer in the 1st electrode layer or the 3rd electrode layer improves, and exfoliation arises by long-term use so that 
clearly from the test result mentioned later. Although the reason is not necessarily clear, it can consider the following to 
one. 

[0035] Since the direction of the bonding strength of the Ag alloy layer and the metal oxide-film layer which Ag alloy 
layer oxidized compared with an Ag independent, and were easy and oxidized surpasses the bonding strength of Ag 
independent layer and a metal oxide-film layer, when it inserts Ag alloy layer between Ag thin film layer and a 
transparent conductive metal oxide-film layer, it is thought that adhesion force improves. Furthermore, it is guessed 
from a viewpoint of a coefficient of thermal expansion that Ag alloy layer is what demonstrates a relaxation effect. 
[0036] As an embodiment of invention of said claim 1, or invention of claim 2, invention of following claims 3 and 4 is 
suitable. That is, in a thin film solar cell according to claim 1 or 2, other metals contained in said Ag alloy layer are 
made into at least one of aluminum, Cr, and Ti (invention of claim 3). 

[0037] Moreover, it sets to a thin film solar cell according to claim 1 or 2, and the metallic oxide of said transparent 
conductive metal oxide-film layer is ZnO, ITO, and Sn02. It considers as inner either (invention of claim 4). 
[0038] Furthermore, the same operation effectiveness as said invention is acquired by invention of following claim 5. 
That is, in a thin film solar cell according to claim 1 to 4, it replaces with the two-layer configuration of Ag alloy layer 
which contains other metals in Ag thin film layer and Ag which were prepared in said substrate side, and make a 
substrate side into zero and let the content of other metals to Ag be 1 lamination which it comes to increase gradually 
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towards said transparent conductive metal oxide-film layer. 
[0039] 

[Embodiment of the Invention] Based on a drawing, the example of this invention is described below. 
[0040] Drawing 1 is the partial expanded sectional view having shown typically the 1st electrode layer and the 3rd 
electrode layer in a thin film solar cell of said SCAF structure. The outline manufacture process of a thin film solar cell 
is the same as the process shown in said drawing 7 . Moreover, drawing 2 shows the outline configuration of the 
sputtering system which forms the 1st electrode layer and the 3rd electrode layer. Below, drawing 1 , drawing 2 , and 
drawing 7 explain the example of this invention. 

[0041] As a substrate 71, the polyimide film of 50 micrometers of thickness was used by this example. As a substrate 
ingredient, insulating plastic film, such as PEN, PES, PET, or aramid, can be used in addition to the above. Moreover, 
the thickness of a substrate is not limited to said thickness. 

[0042] First, the train of two or more connection holes 78 (hi) was formed in the position (refer to drawing 7 (b)). 
Then, the 3rd electrode layer 73 is formed in the field of the 1st electrode layer 74, and the it and the opposite side with 
a roll two roll sputtering system as shown in drawing 2 (refer to drawing 7 (c)). 

[0043] The sputtering system shown in drawing 2 is an example of a direct-current RF sputtering system, and it has two 
or more cathode 8 with a target and heaters 9 into a reaction chamber 14, and the insulating substrate 5 begins to roll 
the meantime and is conveyed towards the rolling-up roll 13 from a roll 12 in it. In addition, it is begun to roll **** 6 
and 7 shows [ ** ] the roll for conveyance in 15 for a rolling-up room. 

[0044] As a target, Ag target, the alloy target which uses Ag as a principal component, and the transparent conductive 
metallic-oxide target were arranged in order from the side to which the insulating substrate 5 is sent out, and every two 
each of each of said target were prepared in this example, the alloy target which uses Ag as a principal component in 
this example - aluminum — 0.3wt(s)% - the included target - using — a transparent conductive metallic-oxide target - 
aluminum - 0.5wt(s)% - the included ZnO target was used. With this equipment, the thin film of about 160nm 
thickness in total thickness was formed in the field of the 1st electrode layer 74, and the it and the opposite side as the 
3rd electrode layer 73, respectively. 

[0045] By the above, as shown in the partial expanded sectional view of drawing 1 , the Ag thin film (layer L) Ag 
(alloy layer M) transparent conductive metal oxide-film layer (N) was formed in both sides of a substrate 71 from the 
substrate side. In addition, each thickness of the above (L), (M), and (N) set to about 50nm, 50nm, and 60nm, 
respectively, is the whole and could be about 160nm. 

[0046] In addition, turn the addition of aluminum to Ag to a transparent conductive metal oxide-film layer (N) side, and 
the film of the above-mentioned Ag thin film layer (L) and Ag alloy layer (M) makes it increase from a substrate side 
gradually, is (M) M [ (L) and ] Combined, and is good also as film of one layer. 

[0047] moreover - as said alloy layer ingredient - this example - aluminum - 0.3wt(s)% - although included Ag 
alloy was used, Cr and Ti may be used for others instead of aluminum. Moreover, you may also contain in coincidence. 
Furthermore, if about 0.03M 0 /o:l v^/o is good, the effectiveness is small when an addition has few additions, and there 
are, problems, such as decline in the reflection factor of the Ag film itself and diffusion of the alloying element to the 
ZnO film, will generate it. [ too many ] Although ZnO was furthermore used as a transparent conductive metallic-oxide 
target by this example, other transparent conductive matter is sufficient, and it is ITO and Sn02. It can also use. 
[0048] Moreover, although whichever of the 1st electrode layer 74 and the 3rd electrode layer 73 may be formed first, 
previous one has the preferably good 1st electrode layer 74. 

[0049] Then, it is a predetermined number open beam (refer to drawing 7 (d)) about the train of the current collection 
hole 77 to a position. Although spacing of current collection **** was set to 5mm in the example, this spacing can be 
made into any value with a solar-battery pattern. 

[0050] In addition, the configuration to which the surrounding die length becomes as long as possible as small [ the 
hole configuration in this case does not necessarily need to be a circle, for example, / in order to raise a solar-battery 
property ] as possible as for the area of the current collection hole 77 is good. 

[0051] After passing through the above-mentioned process, the thin film semiconductor layer was formed as a photo- 
electric-conversion layer 75. In this example, one or more n-i-p junction was formed using the ingredient of the 
hydrogenation amorphous silicon (a-Si:H) system deposited by the usual glow discharge part solution method (refer to 
drawing 7 (e)). 

[0052] Then, the transparent electrode layer was formed as the 2nd electrode layer 76 on the photo-electric-conversion 
layer 75. Although oxide electric conduction film, such as ITO and ZnO, could be used for this layer, the ITO film by 
the spatter was produced in this example (refer to drawing 7 (f)). 

[0053] At the time of this film formation, the mask of the periphery of the connection hole 78 is carried out, and the 
film is made not to be formed in the connection hole formed first. Next, finally with the field in which the transparent 
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electrode layer was formed, the 4th electrode layer which becomes the substrate side of the opposite side from a metal 
membrane etc. was produced. Although nickel was used as an ingredient in this example, it is not limited to nickel. The 
film production approach is a spatter (refer to drawing 7 (g)). 

[0054] After termination of the above film production process, with laser, the laminating of substrate both sides was cut 
in the predetermined configuration, and the thin film solar cell which consists of multistage series connection of an unit 
cell was formed. 

[0055] About the thin film solar cell manufactured by this example, the comparative study with the conventional thin 
film solar cell was performed about the adhesion force of an electrode layer. The result is shown in drawing 3 . In 
drawing 3 , the thin film solar cell conventionally displayed as 1 shows the thin film solar cell which formed the thin 
film between the transparent conductive metal oxide-film layers (N) and substrates 71 in drawing 1 only by Ag. 
moreover, the thin film between transparent conductive metal oxide-film layers (N) and substrates 71 - aluminum - 
0.3wt(s)% - the thin film solar cell formed with included Ag alloy is shown. [ in / in the thin film solar cell 
conventionally displayed as 2 / drawing 1 ] Configurations other than the above presupposed that it is the same as that 
of the thin film solar cell of this invention. 

[0056] Drawing 3 shows the result measured by hauling trial about the adhesion force of each metal -electrode layer of 
the three above-mentioned kinds of thin film solar cells. In the case of the thin film solar cell of this invention, it 
exfoliated in the interface of a substrate 71 and Ag thin film layer (L), but the adhesion force showed the value 
conventionally higher than the thin film solar cell of 1 and 2 created for the comparison, as shown in drawing 3 . 
[0057] In addition, conventionally, in the case of the thin film solar cell of 1, it exfoliated in the interface of a 
transparent conductive metal oxide-film layer (N) and the thin film formed only by Ag, and, in the case of the thin film 
solar cell of 2, exfoliated in the interface of a substrate 71 and the thin film formed with Ag alloy. 
[0058] Next, where said three kinds of thin film solar cells are built into a modular form, it is left under the high- 
humidity/temperature of 85 degrees C and 95%RH, and the result of having measured the property change (change of 
solar-battery conversion efficiency) is shown in drawing 4 . Even if the thin film solar cell of this invention exceeds 
3000H, there is less change of a property than this Fig., and it turns out that it is very stable as compared with other thin 
film solar cells. 

[0059] By considering as the configuration which prepared Ag alloy layer which contains other metals for the 1st 
electrode layer 74 and the 3rd electrode layer 73 in Ag between Ag thin film layer by the side of a substrate, and the 
transparent conductive metal oxide-film layer by the side of an anti-substrate, the adhesion force in a field side became 
large, and the thin film solar cell of this invention became possible [ obtaining the thin film solar cell which has high 
dependability ] by that so that clearly from the above result. 

[0060] In addition, at this example, although said SCAF type of thin film solar cell was indicated, even if it applies to 
the 1st electrode layer of the thin film solar cell which is not limited to this and equipped with the 1st electrode layer, 
the photo-electric-conversion layer, and the transparent electrode layer on one side of an insulating substrate, it cannot 
be overemphasized that the same effectiveness is acquired. [0061] 

[Effect of the Invention] In the thin film solar cell which comes to carry out the laminating of the 1st electrode layer as 
a bottom electrode layer, a photo-electric-conversion layer, and the transparent electrode layer (the 2nd electrode layer) 
to the front face of the substrate which has electric insulation one by one as mentioned above according to this 
invention Or the photo-electric-conversion section which comes to carry out the laminating of the 1st elec -rode layer as 
a bottom electrode layer, a photo-electric-conversion layer, and the transparent electrode layer (the 2nd electrode layer) 
to the front face of the substrate which has electric insulation one by one, It has the 3rd electrode layer and the 4th 
electrode layer as a connection electrode layer which were formed in the rear face of said substrate. The connection 
hole and current collection hole which shifted the location mutually, came to carry out patterning of said photo-electric- 
conversion section and the connection electrode layer to a unit part, and formed them in said photo-electric-conversion 
stratification field are minded. In the thin film solar cell which patterning is carried out, and comes to connect a ****** 
unit photo-electric-conversion part (unit cell) with a serial electrically [ each other on said front face ] It comes to have 
Ag thin film layer which prepared said 1st electrode layer or the 1st electrode layer, and the 3rd electrode layer in said 
substrate side, and the transparent conductive metal oxide-film layer prepared in the anti -substrate side. And between 
said Ag thin film layer and a transparent conductive metal oxide-film layer By coming to prepare Ag alloy layer 
containing other metals in Ag, the adhesion force of each thin film layer in the 1st electrode layer or the 3rd electrode 
layer improves, and exfoliation does not arise by long-term use, and a reliable thin film solar cell can be obtained. 
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